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@ A crystallization method to improve crystal structure and size. 



@ Impinging fluid jet streams are used in a continuous crystallization process to achieve high intensity 
micromixing of fluids so as to form a homogeneous composition prior to the start of nudeation. This 
process permits direct crystallization of high surface area particles of high purity and stabDity. 
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BACKGROUND OF THE INVENTION 

Crystallization from solution of pharmaceutically active compounds or their intermediates is the typical 
method of purification used in industry. The integrity of the crystal structure, or crystal habit, that is produced 
and the paitide size of the end product are important considerations in the crystallization process. 

High bioavailability and short dissolution time are desirable or often necessary attributes of the 
pharmaceutical end product. However, the direct ciystallization of small sized, high surface area particles is 
usuaDy accomplished In a high supersahiration environment which often results in material of low purity, high 
friabflity, and decreased stability due to poor crystal structure fonnation. Because the bonding forces in o^anic 
crystal lattices generate a much higher frequency of amorphism than thosefound in highly ionic inorganic solids, 
"oaing cur of supersaturated material is not uncommon, and such oBs often solidify without stnicture. 

Slow crystallization is a common technique used to increase product purity and produce a more stable 
crystal structure, but it is a process that decreases crystallizer productivity and produces large, low surface area 
particles that require subsequent high intensity milling. CunrenOy. pharmaceutical compounds almost always 
require a post-ciystallization milling step to increase particle surface area and thereby improve their 
bioavailabaity. However, high energy milling has drawbacks. Milling may result In yield loss, noise and dusting 
as well as unwanted personnel exposure to highly potent pharmaceutical compounds. Also, stresses generated 
on crystal surfaces during mOling can adversely affect labile compounds. Overall, the three most desirable end- 
product goals of high surface area, high chemical purity, and high stebility cannot be ophmized simuiteneously 
using current crystallization technology without high energy mHllng. 

One standard crystellization procedure involves contacting a supersaturated solution of the compound to 
be crystallized with an appropriate "anti-solvent" in a stirred vessel. Within the stirred vessel, the anti-solvent 
initiates primary nudeation which leads to crystal formation, sometimes with the help of seeding, and crystal 
digesUon during an aging step. Mixing within the vessel can be achieved with a variety of agitators (eg 
Rushton or pitched blade turt)ines. Intennig. eto.). and the process is done in a batchwise fashion. 

When using cunrent reverse addition techndogy for direct small partide crystallization, a concentraUon 
gradient can not be avoided during initial crystal fonnation because the introduction of feed solution to anti-sol- 
vent in the stirred vessel does not afford a thorough mixing of the two fluids prior to crystal formation The 
existence of concentration gradients, and therefore a heterogeneous fluid environment at the point of Initial 
crystal fonnation, impedes optimum crystal structure fonnation and increases impurity entrainment If a slow 
crystallization technique is employed, more thorough mixing of the fluids can be attained prior to crystal 
fonnation which will improve crystal structure and purity, but the crystals produced will be large and milling will 
be necessary to meet bioavailabaity requirements. 

Another standard crystallization procedure employs temperature variation of a solution of the material to 
be crystallized in order to bring the sdution to its supersaturation point, but this is a slow process that produces 
large crystals. Also, despite the elimination of a sdvent gradient with this procedure, the resulting ciystel 
characterisfics of size, purity and stabBlty are difficult to control and are inconsistent from batch to batch. 

The novel process of this invention utilizes impinging jets to achieve high intensity miaomixlng In the 
crystallization process. High intensity micrombdng is a well known technique where mixing-dependent reactions 
are involved. Feeding strategies as they relate to precipitation were addressed by Mersmann, A. and Kind M 
Chemical Engineering Aspect s of Predpitetion from Solution. Chem. Eng. Technol.. V. 11, p. 264 (1988)' 
Notebte among other papers recenUy addressing the effect of micromixing in readion processes are Gaiside 
J.andTavare. N.S.. Mbd nfl, Reacttonand Precipitation: Umitsof MIcromlxino inan MSMPRCrvstellizer Ch^' 
Eng. ScL. V. 40. p. 1485 (1985); Pohorecki. R. and Baldyga. J.. The Use of a new Model of Mfcrombdno far 
Determination of Crystal Size in Predpitatfon, Chem. Eng. Sci., V. 38. p. 79 (1983). However, the use of high 
intensity micromixing is not the norm In current crystallization technology where no chemical reaction is 
invdved. 

Impinging jets are used for micromixing routinely in reaction injedion moulding (RIM) technology in the 
plastics industry but not for the purpose of causing crystaHization. The use of an impinging jet device in a 
crystallization process to achieve intense micromixing is novel. Whether feed material is relatively pure or 
impure, the use of impinging jete resulte in crystal charaderistics superior to those that result from standaid 
crystallization methods. 

Now with the present invention there is provided a method for crystallization of pharmaceutical compounds 
or their intermediates which directly produces high surface area end produd crystals with greaBy improved 
stability and purity and thereby eliminates the need for subsequent high intensity mining to meet bioavailability 
requiremente. By removing the need for milling, the novel jet process avoids associated problems of noise and 
dusting, cute yield loss, and saves the time and extra expense incurred during milling. It also removes an extra 
opportunity for personnel contad with a highly potent pharmaceutical agent, or for adverse effects on labHe 
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compounds. The small particle size attained with the jet process is consistent within a single run and as shown 
in Table 1, results are reproducible between runs. Reprodudbility is an attribute of this process that is not 
common to "reverse addition" methods typically used to produce small crystals. 

The pure, high surface area particles that result from the jet process also display superior crystal structure 

5 when compared to particles formed via standard slow crystallization plus milling methods using the same quality 
and kind of feed compound. Improvements in crystal structure result in decreases in decomposition rate and 
therefore longer shelf-life for the crystallized product or a pharmaceutical composition containing the 
crystallized material. As shown in Table 2, the material produced by the jet process exhibits more constetent 
accelerated stability results than that produced by the conventional batch process. 

10 The purity of crystallized material produced from the jet process is superior to that from standard reverse 
addition direct small particle crystallization, as demonstrated with simvastatin using high performance lictuid 
chromatography (MPLC) in Table 3. Standard stow batch crystallization affords product purity comparable to 
that afforded by the jet process, but the jet process is superior because, as noted at>ove, in addition to high 
purity, it also provides higher quality crystal habit and Increased particle surface area thereby eliminating the 

IS need for milling. 

Jet process crystallization is suited for continuous processing. Standard crystallization methods are 
generally run in a batchwise fashion. Continuous processing affords two advantages. First, the same amount 
of feed compound can be crystallized in significantly less volume via continuous processing than would be 
possible using a batch by batch method. Second, continuous processing enhances reproducibility of results 
20 because all the material crystallizes under unifomn conditions. Such unifonmity Is not possible using batch 
methods in which concentration, solubility and other parameters change with time. 

25 

JET CRYSTALLIZED SIMVASTATIN 
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Simvastatin 
Crystallization 

Continuous 
Impinging Jets 



HPLC 969 
Temp. Purity Impurity** 
(^C) (Weight %> (Weight 1) 
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Product Specification 



^ * 50:50 Volumetric ratio of MeOH:H20 used with impinging 
jet method; final volumetric ratio of 50:50 MeOH:H20 used 
with reverse addition and slow batch methods. 
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** Open ring form of simvastatin. 



SUMMARY OF THE INVENTION 

40 This invention concerns a process for crystallization. 

More particularly, this invention relates to the use of impinging jets to achieve high intensity micronntxing 
of fluids so as to fonm a homogeneous composition pnor to the start of nudeation in a continuous crystallization 
process. Nudeation and precipitation can be initiated by utilizing the effect of temperature reduction on the 
solubility of the compound to be crystallized in a particular solvent (thermoregulation), or by taking advantage 

45 of the solubility characteristics of the compound in solvent mbctures. or by some combination of the two 
techniques. 

The novel process of this invention provides for the direct crystallization of high surface area partides of 
high purity and stability. 

SO BRIEF DESCRIPTION OF THE DRAWINGS 

Two embodiments of the invention have been chosen for purposes of illustration and description, and are 
shown in the accompanying drawings forming a part of the specification wherein: 

FIG. 1 is a schematic diagram showing a crystal production system depicting the jet chamber 3, the transfer 
55 line 4, the stinred vessel 5, the agitation device 6 and the entry point of two fluids 1 and 2 into the system; 

Fig. 2 is an enlarged sectional view of jet chamber 3 showing an arrangement for impinging jet introduction 
of two fluids into the system; 
FIG. 3 is an overhead view of the jet chamber 3; 
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FIG. 4 shows particle surface area as a function of supersaturation ratio using the jet crystallization process 
with simvastatin; and 

FIG. 5 is a schematic diagram showing a crystal production system depicting two fluids. 1 1 and 12, entering 
directly into the stirred vessel 13 containing liquid 14 (the liquid being solvent and/or anti-solvent) where 
the jets 16 emit fluid jetstreams that impinge and micromix near the effluent stream of the impeller 1 5. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel process of this invention involves the use of jets to create impinging fluid jet streams and thereby 
achieve high intensity micromixing of the fluids prior to nucleation in a crystallization process. Two or more jets 
may be used to micromix two or more fluids. Preferably, two jets are used to micromix two fluids. When using 
two jets, preferably the two impinging jet streams should be substantially diametrically opposed to each other. 
Le.. they should be at or close to a 180 degree angle to each other from an overhead view. FIG. 1 shows one 
embodiment of this invenHon wherein two jets are employed; fluids 1 and 2 enter the jet chamber 3 where 
micromixing takes place. FIG 5. shows another embodiment of this invention, wherein 2jets are employed and 
the jetstreams impinge and micromU directly in the stinred vessel 13. As used herein, the terms sBrred vessel 
and age vessel have the same meaning and are interchangeable. 

The two fluids used in the novel process of this invention can be of different solvent composition, one fluid 
being a solution of the compound to be crystallized in a suitable solvent or combination of solvents ("feed 
solution"), and the other fluid being a suitable solvent or combination of sohrents capable of initiating that 
compound's precipitation from solution ("anti-solvent"), chosen for its relatively low solvation property with 
respect to that compound. Such solvents and anti-solvents can include but are not limited to methanol, ethyl 
ac6tate, halogenated solvents such as methylene chloride, acetonitrile. acetic acid, hexanes. ethers, and water. 

Or. the two fluids used in the process can both be solutions of the compound to be crystallized in the same 
suitable solvent or combination of solvents but each at a different temperature, and nucleation/precipitation can 
be initiated by instantaneous temperature reduction. The temperature and composition of each solution are 
chosen so that 1) no material will crystallize upstream of the impinging jets, and 2) sufficient supersaturation 
will be developed in the impinging jets to cause nucleation. Micromixing creates temperature and compositional 
uniformity throughout the mixture prior to the start of nucleation. 

The following is a list of compounds that have been successfully crystallized to meet particle size and purity 
specifications using the present invention: simvastatin, lovaslatin (crude and pure), Proscar, diltiazem malate, 
17p-benzoyl-4-aza-5a-androst-1-ene-3-one. 4"-epi-acetylamino-avenTOCtin B,. t^ns-(-)J-2-P-methoxy-2- 
propoxy-5-Itetrahydro-5-(3.4.5-trimethoxyphenyl)-2-furanyl]phenyl]sulfonyl]ethanol (DevLab. England). 
However, this is not an exhaustive list of all the compounds that can be used with the present invention. 

After micromixing in a jet chamber, the material leaves the jet chamber as depicted in Fig. 1. travels into 
a stirred vessel 5 eitherdirectly or via a transfer line 4. and after an appropriate age time, the product suspension 
flows out of the vessel as indicated by arrow A. Another embodiment of this invention involves the micromixing 
of two impinging jetstreams directly in the stiaed vessel without the use of a jet chamber or transfer line, as 
depicted in FIG. 5. For the crystallization of simvastatin, the preferred method is for two jetstreams to impinge 
directly in the stirred vessel. Once the material leaves the stirred vessel, appropriate recovery techniques are 
used to isolate the product crystals. The material preferably flows through the system in a conbnuous process, 
although it is possible to hold up the process in a batchwise fashion at the stirred vessel-aging step given a 
vessel of sufficient volume. 

As shown in FIG. 2 and FIG. 3. the jet chamber 3 is preferably cylindrical in shape and as shown in FIG. 
2 tlie jet chamber 3 preferably has a floor 1 0 which slopes downward in a conical shape toward the floor's center 
which is open to a connecting transfer line 4 or directly Into a stirred vessel or other appropriate container. The 
diameter and cylinder wall height of the chamber can vary according to scale needs. 

Regardless of the number of jets used, the jet nozzles should be placed so that the fluid streams they emit 
will impinge, either inside the jet diamber or directly in the stirred vessel. The fluid jets must impinge to create 
an immediate high turbulence impact; concentric or converging jets generally create insufficient turbulence to 
achieve the required micromixing. When two jets are used with a jet chamber, as shown in FIG. 2 and FIG. 3, 
the two jet nozzles 7 are preferably anranged so that they are substantially diametrically opposed to each other 
with their outlet tips directed to face each other; i.e., the two jet nozzles are at or close to a 180 degree angle 
to each other from an overtiead view. Preferably, each jet outlet nozzle can have a slight downward angle from 
the horizontal of about 10 degrees to help the flowing material move down and out of the chamber. 

Likewise, two jet nozzles placed directly inside the stirred vessel are preferably an-anged so that they are 
substantially diametrically opposed to each other with their ouUet tips directed to face each other. When the 
jet nozzles are so placed, each nozzle can have a slight upward or downward angle from the horizontal of from 
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0 degrees up to about 15 degrees, but preferably the two nozzles have just enough downward angle from the 
horizontal (ca. 13 degrees) to ensure that the fluid stream of one wDf not enter the outlet hole of the.opposlte 
nozzle. 

One jet nozzle is used to transport one of the two fluids from an external source into the chamber and the 
5 other jet is used to similarly transport the other fluid. The distance between the nozzle tips inside the jet chamber 
or stin-ed vessel should be such that the hydrodynamic fonm of each fluid jet stream remains essentially intact 
up to the point of Impingement Therefore, the maximum distance between the nozzle tips will vary depending 
on the linear velocity of the fluids inside the jet nozzles. To obtain good results for generally non-viscous fluids, 
linear velocity in the jet nozzles should be at least about 5 meters/sec, more preferably above 10 meters/sec, 
10 and most preferably between about 20 to 25 meters/sec, although the upper limit of linear velocity is only limited 
by the practical difficulties invoked in achieving it tinear velocity and flow rate can both be controlled by various 
known methods, such as altering the diameter of the entry tube 8 and/or that of the nozzle outlet tip 9, and/or 
varying the strength of the external force that moves the fluid into and through the nozzle. Each jet apparatus 
can be manipulated independently to attain a desired Tmal fluid composition ratio. When the desired flow ratio 
IS of one jet to the other differs from unity, preferably the difference is compensated for by appropriate sizing of 
the entry tubes. For example, if a 4:1 volunr^tric ratio of feed solution to anti-solvent is desired, the entry tube 
delivenng feed solution should be twice the diameter of the entry tube delivering anti-solvent When the 
jetstreams impinge inside a jet chamber, residence time for the fluid inside the jet chamber is typically very short. 
I.e., less than ten seconds. 

20 A transfer line 4 as shown in FIG. 1 may or may not be used to deliver the fluid mixture into a stin-ed vessel 
5 from the jet chamber. Solvent, anti-solvent or mixtures thereof optionally containing seed and optionally 
heated to attain optimum crystallization results can be put inside the stirred vessel FIG. 1 (5), FIG. 5 (13) at 
the start of the process before the micromixed fluids enter the stirred vessel; this technique is especially 
preferred when the jetstreams impinge directly in the stirred vessel. Crystal digestion (Ostwald ripening, 

25 improvement of surface structure) takes place inside the stinred vessel. 

Stirring in the vessel is provided by standard agitators 6, preferably Rushton turbines, Intennig Impellers, 
or other agitators suitable for stinring a slurry suspension. Any impeller providing good circulation inside the 
vessel may be used. However, when the jetstreams are arranged to impinge directly inside the stirred vessel, 
an agitator that does not interfere with the space occupied by the impinging jetstreams inside the vessel is 

30 preferred, especially, e.g.. a Rushton turbine. As depicted in FIG. 5, impinging jetstreams inside the vessel are 
most preferably placed in the effluent stream of the agitator, and the height of the liquki in the stinred vessel 
when operated in continuous mode (i.e.. flow in equals flow out constant volume maintained). Is most preferably 
between about two to four times the height of the impeller. 

The crystallization Is preferably run In a continuous process and the appropriate residence time for the 

35 completton of crystal digestion is attained by adjusting the volume capacity of the stirred vessel, but the mixture 
can be held up in the vessel for any desired length of age time if batchwise processing Is desired. For example, 
during simvastatin crystallizatbn crystal digestion is complete within at)out 5 minutes and a vessel volume of 
roughly 5 liters is sufficient for a residence time of 5 minutes with a material flow of about 1 liter per minute. 
Proscar is similar to simvastatin with respect to age time. In some instances when the fluids impinge and 

40 micromix inside a jet chamber, crystallizatbn conditions may be optimized so that crystal precipitation and 
growth are completed within the transfer line itself, or even before entering the transfer line, and the crystals 
may be directly collected, bypassing any age time in the stin-ed vessel. 

Manual seeding can be done at any point in the system, e.g.. In the stirred vessel, the transfer line or the 
jet chamber itself. In some situations, the continuous jet process may be "self-seeding", i.e., the first crystals 

45 to form inside the jet chamber (if used), the transfer line (if used) or the stirred vessel (if used) serve as seed 
for the material that flows through thereafter. 

The micromixed material must be highly supersaturated to attain the beneficial results of the jet 
crystallization process. Aside from thermoregulated initiation of nucteation, temperature variation also affects 
product results when anti-soh^ent is used to initiate nudeation because of its effect on supersaturatbn. 

50 Generally, good results can be achieved for phamiaceutical compounds using a volumetric ratio of feed solution 
to anti-solvent that provides a high degree of supersaturation in the jet chamber in a temperature range of about 
24''C to TO^'C. although temperature height is limited only by the chosen solvent's boiling point and the 
compound's decomposition range. Temperatures above ambient may give improved product characteristics. 
As an example, optimum results with regard to end product surface area, purity and stability are achieved for 

55 simvastatin by running the crystallization at an elevated temperature of at least 55*'C, more preferably in the 
range of 60 to 70''C. and most preferably at 65 to 68^C. in a 41:59 volumetric mixture of MeOHrHaO. In this 
case, the composition in the nmpinging jetstreams is 50:50 MeOH:H20, and the compositfon in the age tank is 
brought to 41:59 MeOH:H20 by a separate, additional water injection (not through the Impinging jet) directly 
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into the stined vessel. A 75:25 volumetric mixture of MeOH:H20 used at room temperature produces crystals 
essentially the same as those from conventional batchwise crystallization, i.e. they require milling. A 41:59 
volumetric mixture of MeOHrHzO used at room temperature results in particles with average surface area above 
the desirable range and decreased^- purity as shown in FIG. 4. Ambient temperature operation using the jet 
process provides sufficiently good results for Proscar and therefore elevated temperatures are not necessary. 

The following examples are ghren for the purpose of illustrating the present invention and should not be 
construed as limitations on the scope or spirit of the instant invention. 

EXAMPLE 1 

Qrystailization of Proscar 

100 Grams of Proscar was dissolved in 600 ml. of glacial acetic acid; once dissolution was complete 400 
ml. deionized water was added. The solution was filtered through a 0.2 micron membrane Into a blow can' The 
blow can outlet was connected to a 1/16 in. OD jet nozzle (0.052 in. ID). 5.5 Liters of deionized water was filtered 
through a 0.2 micron membrane into a second blow can. and its oudet connected to a 1/8 in. OD jet nozzle 
(0.0938 in. ID). Each blow can was pressurized to ca 90 psi with regulated nitrogen. The impinging jets were 
started simultaneously. The desired flow rate of the acetic acid solution was 0.2 gpm (linear velocity ca 550 
meters/min.) and the desired flow rate of 100% HjO was 1.1 gpm (linear velocity ca. 930 meteis/min ) The 
efHuent slurry was collected from the mixing chamber in a 12L round-bottom flask equipped with a paddle 
agitator. A minimum age time of two minutes was required to complete crystal d^estion. The soHds were filtered 
water washed, then dried. 

Crystals were 10 to 20 microns in diameter and 1 micron thick, in the form offtakes; specification is 95% 
< smaller than 25 microns. 

EXAMPLE 2 

Crystallization of Simvastatin 

1 00 Grams of simvastatin were dissolved in 1400 ml. methanol, and the solution heated to approximately 
55»C. Deionized water (1400 ml.) was heated to approximately 55"C. The heated water was fed to one blow 
can and the heated methanol solution was fed to a second blow can. Each blow can outlet was connected to 
a 1mm. ID jet nozzle. Each blow can was pressurized to 25-35 psi. and impinging jets were started 
simultaneously. The flow from each jet was 1 .1 liteiAnin. (linear velocity ca. 23 meters/sec). 

The jet chamber was approximately 2 inches in diameter and 1 inch high with a contoal bottom outlet 
Effluent from this chamber was directed to a 4 liter beaker (approx. 6 inches diameter). The beaker contained 
2.5 grams simvastatin seed (dry - surface area 2.5 to 6 sq m/gm). and was agitated at 300 RPM by three Ekato 
Intemwg impellers, each 3.5 inches in diameter. When the cans were empty (75 seconds), they were vented 
Aging (agitatton at 300 RPM, no cooling) took place In the beaker for 5 to 20 minutes. The contents were then 
cooled with the same agitelion to less than 30»C by immersion in an tee bath. Contents were then filtered and 
tray dned {4(y^ at 28-30 in. Hg vacuum with slight nitrogen sweep) for 12 to 16 hours. 

The resultent dry solid (88-99 grams) had a surface area of 3.1 +/- 0.4 square meters per gram. Mother 
liquor losses were 1-2%. the remaining yield being held up in the apparatus. Product could be used to seed 
future batehes without further treatment 

EXAMPLE 3 

Crystellization of Simvastetin. 66-68'C 

The crystellization of Example 2, with the following modifications: 

(1) temperature in the jet impingement zone and in the 5 to 20 minute age was raised to 66-68''C. by 
preheating the methanol feed solution to 55''C and the water feed to BS'C; and 

(2) final age tank solvent composition was reduced to 41% methanol by suspenston of the initial 2.5 gram 
seed charge in 600 ml deionized water at 70''C. 

The final product was similar in partide size, surface area and appearance to the product from Example 
2. However, storage stebflity (60°C) was improved from very good (Example 2) to outstanding (Example 3) 
implying a higher order of crystallinity. 
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EXAMPLE 4 

Crystallization of Simvastatin, Immersed Jets 

5 The crystallization of Example 3, with the modification that the impinging jets were submerged, without 
containment, inside the agitated age vessel near the effluent stream of the impeller. To accommodate the 
immersed jets, a 6-liter baffled battery jar (crylindricai), 8-1/4 inches in diameter and 10 inches high, was 
agitated by a 3 inch diameter Rushton turbine. The impinging jets were located near the horizontal plane of 
the impeller, 1 to 2 inches from the impeller's outer edge. 

10 The final product was essentially identical with that of Example 3. Caking of amorphous solid on the wall 
of the jet chamt)er, which occurs in extended runs in Examples 2 and 3. was eliminated because there was no 
containment wall around the jets. 

EXAMPLES 

IS 

Crystallization of Lovastatin 

38.0 Grams of lovastatin were added to 1260 ml methanol and 140 ml deionized water. The mixture was 
heated to SS^'C with agitation (magnetic stirrer in closed Erlenmeyer flask). Activated carbon (12.7g. Calgon 

20 type APA 1 2x40) was added, the mixture stirred at SS^'C and hot filtered. The filtrate was reheated to SS^'C (when 
necessary) and added quickly to a blow can attached to one Impinging jet device nozzle (1.0 mm diameter). 
538 MillBiters of 60°C dekinized water was added to another blow can connected to the opposing jet (0.5 mm 
diameter). Both cans were pressurized to 25-30 psig and the liquids fed to the respective jets, completed in 1 
minute, 45 seconds. The agitated beaker (same as Example 1) was aged at the jet outlet temperature (43X) 

25 for 5 minutes, cooled with stirring to less than 30^, and filtered and dried. 

The final product was fine needles with acceptable surface area 1.6m2/gm. Purity was equal to that from 
conventional seeded crystallization. 



30 Claims 

1. A process for crystallization of a chemical compound comprising high intensity micromixing of fluids by 
means of jets that create impinging fluid jet streams of the component fluids, where at least one of the 
fluids is a solution of the compound to be crystallized, which causes formation of a homogeneous 

35 supersaturated fluid composition prior to the start of nucieation. 

2. The process of Claim 1 wherein two jets are used and the two impinging jet streams are substantially 
diametrically opposed to each other, and the hydrodynamic form of each fluki jet stream remains 
essentially intact up to the point of impingement 

40 

3. The process of Claim 2 wherein supersaturatbn is accomplished by using an anti-solvent or by 
instantaneous temperature reduction or by a combination of both. 

4. The process of Claim 3 wherein the temperature of the fluids to be micrombced is between 24-70®C. 

45 

5. The process of Claim 4 wherein the crystallization is a continuous process. 

6. The process of Claim 5 wherein the linear velodty of the fluid jets inside their respective jet nozzles is at 
least about 5 meters/sec. 

50 

7. The process of Claim 6 wherein the linear velocity is greater than 1 0 meters/sec. 

8. The process of Claim 7 wherein the linear velocity is between about 20-25 meters/sec. 

55 9. The process of Claim 7 wherein the compound to be crystallized is Proscar and the process is conducted 
at room temperature. 

10. The process of Claim 9 wherein the feed solution is comprised of Proscar dissolved in a 60:40 volumetric 
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ratio of glacial acetic acid:water. the anti-solvent is comprised of 100% water, and a 1:5.5 volumetric ratio 
of feed solutionranti-soivent is used. 

11. The process of Claim 8 wherein the compound to be crystallized is simvastatin, and the process b 
conducted In a temperature range of at>out 55-70»C. 

12. The process of Oaim 1 1 wherein the feed solution is comprised of simvastatin dissolved in 100% methanol 
the anti-solvent is comprised of 100% water, and a 41:59 volumetric ratio of feed solution:anti-solvent i^ 
used. 

13. The process of Qaim 12 wherein the temperature is between 60-70"C. 

14. The process of Claim 13 wherein the temperature is between 65-68''C. 

1 5. The process of Qaim 8 wherein the compound to be ciystallized is lovastaSn. and the process is conducted 
in a temperature range of about 40-58"C. 

16. The process of Claim 15 wherein the feed solution is comprised of lovastatin disso^ed in a 9010 
volumetric ratio of methanol.-water. the anti-solvent is comprised of 100% water, and about a 2 6-1 
volumetric ratto of feed solution to anti-solvent is used. 

17. An apparatus for crystallization of a compound from solution comprising impinging jet nozzles through 
which fluids are transported from an external source, arranged soas to create impinging jetstreams where 
at least one of the fluids is a solution of tite compound to be crystallized, whereby intense micromixing of 
the fluids occurs to torn a homogeneous fluid composition priorto ttie start of nucleation in a crystallization 
process, 

18. The apparatus of Claim 17 wherein two jet nozzles are employed and airanged so that the jet nozzles are 
substantially diametrically opposed to each ottter with their ouOet lips directed to face each other 

19. The apparatus of Claim 18 wherein ttie jet nozzles are directed into a jet chamber. 

20. The apparatus of Claim 19 wherein each jet nozzle has a downward angle from the horizontal of about 

21. The apparatus of Claim 20 comprising, in addition, a stirred vessel for crystal digestion of the micromixed 
material. 

22. The apparatus of Claim 21 comprising, in addition, a transfer line to transport Uie micromixed material out 
of the jet chamber and into the stirred vessel. 

23. The apparatus of Claim 1 8 wherein the jet nozzles are directed into a stirred vessel and the two nozzles 
are at or close to ttie horizontal plane or are at a downward angle of up to about 15 degrees below the 
honzontal plane, and positioned so Uiat the fluid jetstreams they emit will be in the effluent stream of the 
impeller. 
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